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(54) Filter press with alternating diaphragm squeeze chamber plates and filtration chamber 
plates 



(57) A filter press (10) and method for separating 
solids from a slurry The filter press includes a plurality 
of plates which are held in a sealed and contacting re- 
lationship with one another to form a plate stack. The 
plate stack includes alternating diaphragm-type 



squeeze plates (68) and cloth-type chamber plates (17) 
whereby two adjacent plates form a filter chamber ther- 
ebetween for filtering the slurry. The diaphragm -type 
squeeze plates (68) include a thin liquid impermeable 
diaphragm or membrane having a uniform thickness for 
greater flexibility and heat transfer. 
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Description 

FIELD OF THE INVENTION 

[0001] This invention relates toa filter press for dewa- 
tering slurry and, more specifically, to an improved filter 
press arrangement including alternating diaphragm 
squeeze chamber plates and filtration chamber plates 
for effecting more efficient separation of liquid from slur- 
ry, and the method for effecting such separation. 

BACKGROUND OF THE INVENTION 

[0002] Filter presses are well known and extensively 
utilized for separating solids from slurries. Such filter 
presses employ a plurality of filter plates which are held 
in contacting relationship between fixed and movable 
head members while the slurry is pumped into and 
through the press for collecting the solids in the form of 
cake between adjacent filter plates. When the press is 
full, the movable head is backed away from the plates 
into an open position and the plates are moved into an 
open position to permit discharge of the cake which is 
collected between adjacent pairs of plates. To permit 
movement of the plates into an open position, plate shift- 
ing mechanisms are typically provided adjacent oppo- 
site sides of the press for permitting automatic or manual 
control over the plate movement and cake discharge. 
[0003] Various types of filter plates are utilized in filter 
presses, depending primarily upon the material to be fil- 
tered and the process requirements. For example, one 
type of plate is a cloth-type chamber plate which in- 
cludes recessed surfaces on opposite sides of the plate 
each of which serves to form a filter chamber with an 
adjacent plate when the plates are clamped together. A 
cloth filter covers each of these recessed surfaces, and 
is either mounted on the plate by a gasket or is draped 
between two adjacent plates. Thus, slurry is pumped in- 
to the filter chambers formed between the filter cloths of 
two adjacent plates, and the liquid from the slurry pass- 
es through the filter cloth and is discharged through fil- 
trate ports in the plates. The solids are trapped in the 
filter chamber and form a cake. 

[0004] Another type of filter plate which is utilized 
when process requirements call for production of a dryer 
filter cake is a diaphragm-type squeeze plate. The con- 
struction of this type of plate is similar to the cloth-type 
chamber plate, but the drainage surfaces on the oppo- 
site faces of the plate are flexible diaphragms or mem- 
branes which define pressurizing chambers therebe- 
hind. A filter cloth covers the outer face of the diaphragm 
on each side of the plate and typically extends beyond 
the plate, i.e., the filter cloths are typically draped be- 
tween the adjacent plates. In this case, slurry is pumped 
into the filter chambers formed between two neighboring 
plates and the liquid portion of the slurry passes through 
the filter cloths and is discharged through filtrate ports 
in the plates. After the filling cycle is complete and the 



filter chambers formed between adjacent plates are 
filled with solids, and before the press is opened, heated 
air or hot pressurized water is supplied to the chamber 
located behind each diaphragm, causing the dia- 

5 phragms to flex outward and exert mechanical pressure 
on the filter cake. This also effects heating of the filter 
cake which, in conjunction with a vacuum applied to the 
discharge side of the filter cloths, causes additional 
moisture to be removed from the filter cake. An example 

io of this type of arrangement and process is disclosed in 
U.S. Patent No. 5 558 773. A similar press and process 
is also sold by the assignee hereof under the designa- 
tion \J-VAP\ 

[0005] Diaphragm-type squeeze plates are designed 
15 for highpressure squeeze and must be ported for filtrate 
discharge. The diaphragm plates are relatively expen- 
sive as compared to the cloth-type chamber plates dis- 
cussed above, for example being typically two to three 
times as expensive. In this regard, the diaphragm in one 
20 conventional construction is integrally joined around the 
periphery thereof to the ring-like frame of the filter plate, 
such as by welding. In another conventional construc- 
tion the diaphragm is a wholly separate plate which 
overlies and is fixed to the side face of the ring-like frame 
25 by fasteners such as screws. Also 5 the face of the dia- 
phragm which is located behind the filter cloth is typically 
ribbed in order to define flow paths for liquid discharge 
behind the filter cloth, and the filter cloth must typically 
be draped between adjacent plates, which can result in 
30 increased liquid leakage from the press. Because of the 
above, the diaphragms are relatively thick in order to 
provide structural integrity to the plate. For example, a 
typical diaphragm may have a thickness of about 0. 1 20 
inch between the ribs and about 0.250 inch at the ribs). 
35 As such, the thickness of the diaphragm causes a large 
temperature drop thereacross which impedes heating 
and thus drying of the filter cake, and this thickness can 
also impede effective squeezing of the filter cake. These 
factors thus increase cycle time and decrease the over- 
do all operational efficiency of the press. 

[0006] Accordingly, it is an object of the present inven- 
tion to provide an improved filter press which overcomes 
or minimizes the disadvantages of the above-discussed 
prior art. 

45 [0007] One preferred embodiment of the filter press, 
according to the invention includes a filter press having 
a frame with a pair of generally horizontally elongated 
and parallel side rails which are disposed in sidewardly 
spaced relation. Head assemblies are mounted on the 

50 frame adjacent opposite ends of the side rails, with a 
first head assembly being disposed adjacent one end of 
the side rails for movement horizontally in a lengthwise 
direction of the side rails f orwardly toward and rearward- 
ry away from a second head assembly so as to be re- 

55 specttvety positioned in closed and open positions. The 
second head assembly is stationarily positioned adja- 
cent the other end of the side rails. A plurality of plates 
are supported on and between the side rails for move- 
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menttherealong between the two head assemblies. The 
plates are pushed together into a horizontally extending 
closed stack and clampingly held between the two head 
assemblies when the first head assembly is moved to- 
ward the second head assembly into the closed posi- s 
tion. A plate shifting arrangement effects individual and 
sequential shifting of the plates from the closed stack 
along the side rails in the rearward direction toward the 
first head assembly when in the open position. A first 
group of plates includes first plates having a frame with 
a pair of oppositely disposed faces which are recessed 
inwardly. A liquid impermeable diaphragm or membrane 
is fixed to the frame and extends across one of the re- 
cessed faces to define a first pressure chamber there- 
between, and another liquid impermeable membrane is 
fixed to the frame and extends across the other re- 
cessed face to define a second pressure chamber ther- 
ebetween. A second group of plates includes second 
plates having a frame with a pair of oppositely disposed 
faces which are recessed inwardly A liquid permeable 
filter member (i.e. cloth or sheet) is fixed to the frame 
thereof and extends across one of the recessed faces 
to define a first drainage chamber in communication with 
a filtrate discharge passage. A second liquid permeable 
filter member is fixed to the frame and extends across 
the other recessed face to define a second drainage 
chamber in communication with a filtrate discharge pas- 
sage. The first and second plates are disposed in an 
alternating manner along the side rails in adjacent seal- 
ing contact with each other in the closed position of the 
press so that each two adjacent plates (i.e., the adjacent 
first and second plates) define a filter chamber therebe- 
tween for filtering and collecting solids from a slurry en- 
tering the filter chamber. The liquid portion of the slurry 
penetrates the filter member, enters the drainage cham- 
ber and exits the filter press via a filtrate discharge pas- 
sage, while the solid portion of the slurry remains in the 
filter chambers. The pressure chamber defin ed between 
the liquid impermeable membrane and the recessed 
face is in fluid communication with a fluid source which 
expands the membrane towards the opposed adjacent 
filter member to pressurize the slurry to facilitate liquid- 
solid separation. 

[0008] Another preferred embodiment of the filter 
press according to the invention includes a filter press 
having a plate arrangement including a plurality of indi- 
vidual plates movable into a closed stack. The plurality 
of plates includes first plates each including a peripheral 
edge portion, a central portion recessed inwardly with 
respect to the peripheral edge portion, a first liquid im- 
permeable membrane extending across one side of the 
central portion to define a first pressure chamber there- 
between, and a second liquid permeable membrane ex- 
tending across the other side of the central portion to 
define a second pressure chamber therebetween. The 
plurality of plates also includes second plates each in- 
cluding a peripheral edge portion, a central portion re- 
cessed inwardly with respect to the peripheral edge por- 



tion, a first liquid permeable filter member extending 
across one side of the central portion of the second plate 
to define a first drainage chamber therebetween, and a 
second liquid permeable filter member extending across 
the other side of the central portion of the second plate 
to define a second drainage chamber therebetween, the 
second plate being free of membranes. The first and 
second filter plates are disposed in an alternating man- 
ner along the filter press in adjacent sealing contact with 
one another to define a filter chamber therebetween for 
filtering and collecting solids from a slurry entering the 
filter chamber. 

[0009] Yet another preferred embodiment of the in- 
vention includes a plate arrangement including a plural- 
ity of individual plates movable into a closed stack. One 
of the plates includes a peripheral edge portion which 
surrounds a central portion having two sides which face 
away from one another and are recessed inwardly with 
respect to the peripheral edge portion. The peripheral 
edge portion has a recess disposed therein in commu- 
nication with a filtrate discharge passage. A liquid im- 
permeable membrane extends across each side of the 
central portion to define a pressure chamber therebe- 
tween, and a liquid permeable filter member extends 
across each membrane to define a drainage area ther- 
ebetween. A drainage member is associated with the 
membrane and is engaged within the recess, and the 
drainage member has a flow passage disposed therein 
for providing communication between the drainage area 
and the recess. 

[001 0] The present invention also relates to a method 
of effecting liquid-solid separation of a slurry which in- 
cludes clamping a plurality of plates together into a hor- 
izontally extending closed stack such that the plates 
sealingly contact one another, the closed stack including 
a plurality of first and second plates disposed in an al- 
ternating manner, feeding slurry into the closed stack 
and into a filter chamber defined between adjacent first 
and second plates. The liquid portion of the slurry is fil- 
tered through filter members disposed on each face of 
the second plates and discharged into a filtrate vessel, 
with the solid portion of the slurry forming a fitter cake 
in the filter chambers. Membranes disposed on each 
face of the first plates are expanded towards the adja- 
cent filter members and against the slurry to facilitate 
further liquid-solid separation by adding heated fluid to 
a pressure chamber located behind each membrane. 
[001 1] The present invention also includes a thin flex- 
ible diaphragm, for example about 0.023 inch thick. This 
thin design of the diaphragm provides for more efficient 
use of the squeeze pressure, and also provides greater 
heat transfer into the filter cake which raises the tem- 
perature thereof to provide more efficient vaporization 
and vapor draw when vacuum is applied to the liquid 
discharge passage. The present invention also signifi- 
cantly reduces cycle time, particularly for slurries which 
tend to fill the press quickly. 

[0012] The diaphragm plate according to the inven- 
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tion can be constructed from a standard plate by simply 
machining the plate to accommodate the diaphragm. In 
this regard, a conventional diaphragm-type squeeze 
plate is about three to six times as costly as a standard 
cloth-iype filtration plate. However, the diaphragm 
squeeze plate in accordance with this invention costs 
approximately the same as the standard cloth-type fil- 
tration plate, thereby significantly reducing the overall 
cost of the press. 

(0013] Further objects of the invention will be appar- 
ent to persons familiar with structures and methods of 
this general type upon reading the following specifica- 
tion and inspecting the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 4J F igures 1 and 2 are diagrammatic top and side 
views, respectively, of a conventional filter press. 
[0015] Figure 3 is a side view of a filter press in ac- 
cordance with the present invention. 
[001 6] Figure 4 is an exploded view of a portion of the 
tiller press of Figure 3, including a diaphragm squeeze 
plate and a filtration plate. 

[0017] Figure 5 is a generally central cross sectional 
view through four adjacent plates shown in a closed po- 
sition. 

[0018] Figure 6 is an enlarged cross sectional view 
taken generally along line 6-6 of Figure 4. 
[0019] Figure 7 is an enlarged cross sectional view 
taken generally along line 7-7 of Figure 4 
[0020] Figure 8 is an enlarged cross sectional view 
taken generally along line 8-8 in Figure 4. 
[0021] Figure 9 is a plan view of a variation of the di- 
aphragm squeeze plate without the filter cloths mounted 
thereon. 

[0022] Figure 10 is a view of the diaphragm squeeze 
plate similar to Figure 9 including the filter cloths mount- 
ed thereon 

[0023] Figure 11 is a side view of four adjacent plates 
shown in a closed position showing a portion of the fil- 
tration plate in cross-section and showing view 11 -11 of 
the diaphragm squeeze plate of Figure 10. 
[0024] Figure 12 is an enlarged, exploded, fragmen- 
tary view of the diaphragm squeeze plate of Figure 9. 
[0025] Certain terminology will be used in the follow- 
ing description for convenience in reference only, and 
will not be limiting. For example, the words "upwardly*, 
"downwardly", "righlwardly" and "leftwardly" will refer to 
directions in the drawings to which reference is made. 
The word "forwardly" will be used in relationship to left- 
ward shifting of the filter plates in Figures 1 and 2, and 
the word "rearwardly' will refer to rightward shifting of 
the filter plates in the same figures. The words "inwardly" 
and "outwardly" will refer to directions toward and away 
from, respectively, the geometric center of the appara- 
tus and designated parts thereof. Said terminology will 
include the words specifically mentioned, derivatives 
thereof, and words of similar import 



DETAILED DESCFUPTION 

[0026] As shown in Figures 1 and 2, there is illustrated 
a filter press 10 having a pair of end supports 11 and 12 
5 rigidly joined together by a pair of generally parallel and 
horizontally elongate side rails 13, which side rails 13 
are sidewardly spaced apart and cooperate with the end 
supports 11 and 1 2 to define a generally rigid frame. 
[0027] The filter press 10 has a movable follower or 

10 head arrangement 1 4 disposed adjacent one end of the 
press frame and slidably supported for movement along 
the side rails 1 3. This movable head 14 is slidably dis- 
placeable horizontally along the side rails toward or 
away from a further head 1 5 which is fixed to the frame 

is adjacent the other end of the side rails 1 3. A drive device 
16, such as a conventional double acting pressure cyl- 
inder, is mounted on the frame and cooperates with a 
movable head 14 for controlling movement thereof ei- 
ther toward or away from the fixed head 15. 

20 [0028] A plurality of conventional filler plates 17 per- 
form the filtering function of the press 10. The plates 17 
are suspendingly supported on and between the side 
rails 1 3. The plates 1 7 extend generally transversely be- 
tween the side rails 1 3 so that the plates 17 are disposed 

25 in adjacent relationship to form a generally horizontally 
extending stack of plates 17 in a longitudinal direction 
of the press 10. Each plate 1 7 has support arms or han- 
dles 19 which project outwardly from opposite sides of 
the respective plate in overlapping and slidable support- 
so rve engagement with the upper edges of the side rails 
1 3. thereby enabling the plates to be slidably displaced 
along the side rails 1 3 in the longitudinal direction of the 
filter press 10. The support handles 19 have a width in 
the lengthwise direction of the press 10 which is signif- 

35 icantiy less than the width of the respective plates 17, 
whereby adjacent handles 19 define clearance spaces 
of predetermined width therebetween when adjacent 
plates are in abutting engagement, substantially as il- 
lustrated by Figure 2. 

40 [0029] As is conventional, the drive device 1 6 is acti- 
vated to move the head 14 forwardfy (leftwardly in Fig- 
ures 1 and 2) so that the stack of plates 17 is snugly and 
tightly held between the opposed heads 14 and 15. One 
or both of these heads have suitable conduits (not 

45 shown) connected therethrough for communication with 
the interior of the stack of the plates 17. A slurry is sup- 
plied through one of the heads into the stack of plates, 
and the clean liquid (i.e. filtrate) flows outwardly through 
the plates and out through a conduit, whereupon the sol- 

50 ids collect between two adjacent plates 1 7 as discussed 
hereinafter. 

[0030] To permit removal or dumping of the solids (i. 
e. filter cake) which collect between the plates, the head 
14 is moved rearwardly (rightwardly in Figures 1 and 2) 
into an open position substantially as illustrated in Fig- 
ure 2, and the plates 17 are then individually and se- 
quentially moved rearwardly (rightwardly in Figure 2) 
away from the stack toward the movable head 1 4 to per- 
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mit the solids which collect between two adjacent plates 
to drop downwardly for deposit into a suitable collecting 
bin (not shown). To effect sequential and individual 
movement of the plates 17 away from the stack toward 
the open head 14, the filter press 10 has a plate shifting 
arrangement 21 which includes a pair of plate shifter 
mechanisms 22, one such mechanism 22 being dis- 
posed exteriorly adjacent each of the side rails 1 3, and 
a drive mechanism 23 which connects to the pair of shift- 
er mechanisms 22 for effecting synchronous linear back 
and forth movement of these mechanisms 22 along the 
side rails 13. One example of such a plate shifting ar- 
rangement 21 is disclosed in U.S. Patent No. 5 674 384 
which is incorporated by reference herein. 
[0031] Turning now to the individual conventional 
plates 17, reference is made to Figures 4, 5, 7 and 8. 
[0032] It will be appreciated that the plates 17 are 
identical to one another and thus only one such plate 1 7 
will be described below. 

[0033] The plate 17 includes a frame structure with an 
outer ring-like peripheral edge frame 30 which is gener- 
ally rectangular, and generally flat faces or surfaces 31 
and 32 on opposite sides thereof, which faces 31 and 
32 extend in generally parallel relationship and, in the 
typical orientation of the filter plate 17 on the press, are 
normally oriented vertically. The frame structure also in- 
cludes a divider wall 33 which is rigidly joined to and 
extends across the entire center of the peripheral edge 
frame 30. In a conventional construction the peripheral 
edge frame 30 and divider wall 33 can be integrally 
formed in one piece, such as of a plastics material. The 
divider wall 33 has a reduced thickness relative to the 
thickness of the peripheral edge frame 30, resulting in 
the frame structure defining shallow recesses 34 on op- 
posite sides thereof, which recesses 34 are transversely 
enlarged and have a bottom wall 40 defined by the di- 
vider wall 33. This bottom wall 40 is typically provided 
with a non-smooth surface, such as ribs or a plurality of 
small transversely spaced projections 41 , for a purpose 
as explained below. 

[0034] The filter plate 1 7 also mounts thereon a filter 
cloth 42 for association with each of the shallow recess- 
es 34. The filter cloth 42 is a thin flexible sheet-like mem- 
ber which readily permits transmission of fluid, specifi- 
cally liquid, therethrough while preventing passage of 
solids, and such cloth 42 may for example comprise a 
thin sheet of woven polypropylene. The filter cloth 42 is 
mounted on the frame structure so as to extend across 
the shallow recess 34, and for this purpose the frame 
structure is provided with a shallow groove 43 which 
opens transversely inwardly from the side face of the 
frame structure in surrounding relationship to the shal- 
low recess 34. An outer peripheral edge portion 44 of 
the filter cloth 42 is retained in this groove 43 by a suit- 
able retaining strip such as an elongate elastomeric re- 
taining element 50. With the filter cloth 42 mounted on 
the frame structure, there is defined a chamber 51 be- 
tween the filter cloth 42 and the bottom wall 40 of the 



recess 34 so as to permit passage of liquid through the 
filter cloth 42 into this chamber 51 , with the projections 
41 on the bottom wall 40 being such as to prevent the 
filter doth 42 from snugly adhering to the bottom wall 40 
5 and thus defining suitable passages so as to permit es- 
cape of liquid from the chamber 51 . 
[0035] As shown in Figures 4 and 7, for discharge of 
liquid from the chamber 51 , the frame structure has a 
plurality of discharge passages 52 (here eight) formed 
therethrough adjacent at least one lower corner of the 
recess 34 for communication with the liquid-receiving 
chambers 51 , and these discharge passages 52 in turn 
communicate with additional discharge passages 53 
and 54 which in turn communicate with a flow passage 
55 which extends transversely through the peripheral 
edge frame 30 adjacent at least one comer of the filter 
plate 17. These latter flow passages 55 define an elon- 
gate flow passage when a plurality of plates 17 are dis- 
posed in generally stacked relationship. It should be un- 
derstood that Figure 7 shows only one set of discharge 
passages 52, 53 and 54, and that the other discharge 
passages communicate with flow passage 55 in a sim- 
ilar manner. 

[0036] As shown in Figures 4 and 8, for feeding slurry 
into the stack of plates 17, the peripheral edge frame 30 
includes reliefs 60 on opposite sides thereof at a diag- 
onally opposite upper comer of plate 17 from passages 
55, which reliefs 60 form inlet passages which commu- 
nicate with a flow passage 61 which extends transverse- 
ly through the peripheral edge frame 30. Similarly to flow 
passages 55, the flow passages 61 of plates 17 define 
an elongate flow passage when a plurality of plates 17 
are disposed in generally stacked relationship. When 
the plates 17 are in this stacked relationship, a filter 
chamber is formed between the facing filter cloths 42 of 
two adjacent plates 17. Thus, slurry is fed through one 
of the heads into flow passages 61 and enters the filter 
chambers via the inlet pa$sages formed by the reliefs 
60 of opposed adjacent plates 17. Solids collect in the 
filter chambers and the liquid filtrate is discharged from 
the filter chambers via chambers 51, passages 52, 53 
and 54 (Figure 7), and the elongate flow passage 
formed by flow passages 55 to a discharge vessel (not 
shown). 

[0037] For purposes discussed further below, the 
frame structure of plate 17 also includes additional flow 
passages 65 and 66 extending transversely through the 
peripheral edge frame 30 diagonally opposite one an- 
other at the upper and lower comers of plate 1 7, respec- 
tively. 

[0038] The overall structure and function of the filter 
press 10 and filter plates 1 7 as discussed above is con- 
ventional and well known. 

[0039] As shown in Figures 4 and 6, the present in- 
vention includes a plurality of diaphragm-type squeeze 
plates 68 which are identical to one another, and thus 
only one such plate 68 will be described here. 
[0040] More specifically, the diaphragm plate 68 in- 
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eludes a frame with a ring-like peripheral edge portion 
70 which is generally rectangular in shape and has gen- 
erally flat faces 71 and 72 located on opposite sides 
thereof. The faces 71 and 72 are generally parallel to 
one another and, when oriented pn the press, are dis- 
posed vertically. The frame includes a center partition 
73 which is rigidly joined to and defines the entire center 
of the peripheral edge portion 70. The center partition 
73 and the peripheral edge portion 70 can preferably be 
integral with one another, and can comprise a molded io 
plastic, such as polypropylene. The center partition 73 
is reduced in thickness as compared to the peripheral 
edge portion 70 so as to define transversely enlarged 
shallow recesses 80 on opposite sides thereof, which 
recesses 80 have a rear wall 81 defined by the center is 
partition 73. This rear wall 81 can be provided with a 
non -smooth surface such as ribs or a generally rectan- 
gular array of transversely spaced projections 82. How- 
ever, as explained below, the provision of ribs or projec- 
tions 82 is not critical, and thus the rear wall 81 may be 20 
smooth in configuration or configured otherwise. 
[0041] The diaphragm plate 68 also includes a dia- 
phragm or membrane 83 (shown in broken section in 
Figure 4) associated with each of the recesses 80. The 
diaphragm 83 is a thin, flexible sheet of liquid imperme- 2S 
able etastomeric material, preferably neoprene with ny- 
lon fabric reinforcement. In accordance with one pre- 
ferred embodiment of the invention, the diaphragm 83 
has a uniform thickness ranging from about 0.015 to 
about 0.040 inches, with about 0.023 inches being the 30 
preferred thickness. This reduced thickness of dia- 
phragm 83 as compared to conventional diaphragms 
(which have a thickness ranging from about 0.120 to 
about 0.250 inches) provides the diaphragm 83 with 
greater flexibility and greater heat transmission efficien- 3S 
cy. 

[0042] The diaphragm 83 is mounted on the frame so 
as to extend across the shallow recess 80 by means of 
a sidewardly opening shallow groove 84 which sur- 
rounds the recess 80. An outermost peripheral edge 40 
portion 90 of the diaphragm 83 is retained in the groove 
84 by a retaining strip, such as an elongated elastomeric 
retaining strip 91 . As shown in Figure 6, a portion 92 of 
the diaphragm 83 located inwardly of the retaining strip 
91 extends in a contact rig manner across a planar ring- *s 
shaped side surface 93 of the frame located between 
the recess 80 and groove 84. 

[0043] With the diaphragm 83 mounted on the frame, 
a squeeze charhber 94 is defined between the dia- 
phragm 83 and the rear wall 81 of the recess 80. so 
[0044] The frame of plate 68 includes, adjacent a low- 
er corner of the recess 80, a plurality of inlet passages 
100 (here eight) formed therethrough for communica- 
tion with the squeeze chambers 94 defined on opposite 
sides of the plate. The inlet passages 100 communicate ss 
with additional inlet passages 101 and 102 (only.one set 
of inlet passages being shown in Figure 6) which in turn 
communicate with a flow passage 103 which extends 



transversely through the peripheral frame edge portion 
70 adjacent a lower comer of the plate 68. 
[0045] The frame of plate 68 also includes, at an up- 
per corner of plate 68 diagonally opposite inlet passages 
100, a plurality of discharge passages 104 (here eight) 
formed therethrough which also communicate with 
squeeze chambers 94. Discharge passages 104 com- 
municate with a flow passage 110 which extends trans- 
versely through the peripheral frame edge portion 70 ad- 
jacent the upper corner of plate 68 via a plurality of dis- 
charge passages which are not shown but are similar to 
inlet passages 101 and 102 (Figure 6). 
[0046] Inlet passages 1 00. 1 01 and 1 02 and flow pas- 
sage 103 are utilized to supply fluid to squeeze cham- 
bers 94 which in turn causes diaphragm 83 to bulge out- 
wardly in a direction away from center partition 73, as 
discussed hereinbelow. Discharge passages 104 and 
flow passage 110 (and the not shown discharge passag- 
es which interconnect them) are utilized to carry fluid out 
of the squeeze chambers 94, as also discussed herein- 
after. 

[0047] The frame of plate 68 also includes additional 
flow passages 120 and 121 extending transversely 
through the peripheral edge portion 70 diagonally oppo- 
site one another at the upper and lower comers of the 
plate 68, respectively, for a purpose as explained below. 
[0048] Similar to plate 17, the plate 68 has support 
handles 1 23 (Figure 3) which project outwardly from op- 
posite sides of the plate 68 for engagement with the side 
rails of the press. 

[0049] The present invention utilizes the above-dis- 
cussed conventional cloth-type filter plates 17 along 
with the diaphragm plates 68. The plates 17 and 68 are 
disposed in an alternating manner along the press 10, 
such that when the plates 17 and 68 are clamped to- 
gether in the closed position as shown in Figure 5, each 
adjacent pair of plates 1 7 and 68 forms a filter chamber 
130 therebetween. Each filter chamber 130 is, in this 
embodiment of the invention, defined on one side by a 
diaphragm 83 of plate 68 and on the other side by a filter 
cloth 42 of plate 17. 

[0050] In operation, the plates 1 7 and 68 are clamped 
together to form a continuous, longitudinally extending 
stack (Figure 3). The peripheral edge frame 30 of plate 
17 abuts the peripheral frame edge portion 70 of adja- 
cent plate 68, and a seal is formed therebetween by 
means of the portion 92 of the diaphragm 83 which ex- 
tends across surface 93 of plate 68 (Figure 5), which 
portion 92 is clamped between opposed adjacent plates 
17 and 68 when the press is closed. The comer flow 
passages of each of the plates 17 and 68, when the 
plates 17 and 68 are disposed in adjacent and sealed 
relationship with respect to one another, define four 
elongated and longitudinally extending flow passages 
or conduits. If desired, O-ring gaskets may be provided 
about the comer flow passages of at least one of plates 
17 and 68 to seal the flow passages during operation. 
[0051] As shown in Figure 3, the slurry to be filtered 



5 



SNSDOC1D: <EP 0978304A2_L> 



6 



11 



EP 0 978 304 A2 



12 



is fed by a feed pump (not shown) into the elongated 
flow conduit formed by flow passages 120 and 61 of 
plates 68 and 17 respectively. The slurry is introduced 
into the filter chambers 1 30 formed between pairs of ad- 
jacent plates 17 and 68 by means of the reliefs 60 of 
plates 17 (Figures 4 and 8). The liquid permeable filter 
cloth 42 of each plate 1 7 permits the liquid filtrate to exit 
from one side of the filter chamber 1 30 while trapping 
the solids inside the filter chamber 1 30 between the filter 
cloth 42 and the diaphragm 83 of the adjacent plate 68. 
The liquid filtrate penetrates the filter cloth 42, enters 
the chamber 51 behind the filter cloth 42 and is dis- 
charged through the discharge passages 52, 53 and 54 
and the elongated flow conduit formed by flow passages 
55 and 121 of plates 17 and 68, respectively, to a filtrate 
vessel (not shown). 

[0052] A solid filter cake ultimately forms in each of 
the filter chambers 130 which presses the diaphragms 
83 and the filter cloths 42 away from one another and 
inwardly toward the center partition 73 and divider wall 
33 of each of the respective plates 68 and 17. As men- 
tioned above, the array of projections 41 of plates 17 
define a network of flow channels behind the filter cloths 
42 and thus provide for fluid flow even when the filter 
chambers 1 30 are full and the filter cloths 42 are pressed 
against the divider walls 33. 

[0053] For additional drying of the filter cake, heated 
fluid (water or air) is fed into the elongated conduit 
formed by flow passages 103 and 66 of the respective 
plates 68 and 17 via a fluid manifold (not shown). The 
heated fluid enters each of the squeeze chambers 94 of 
the plates 68 via inlet passages 102, 101 and 100 and 
expands the thin, flexible diaphragms 83 outwardly to- 
ward the opposed filter cloth 42 of adjacent plate 1 7 and 
against the filter cake to squeeze and heat the filter cake 
to its vaporization temperature. In this regard, the net- 
work of channels formed between the projections 82 of 
rear wall 81 (of plate 68) may assist in 'popping" the 
diaphragms 83 outwardly, but are not critical, and the 
rear wall 81 of plate 68 may alternatively be smooth or 
otherwise contoured. 

[0054] The warm fluid is preferably discharged from 
the squeeze chambers 94 via the discharge passages 
104 and the elongated flow conduit formed by flow pas- 
sages 110 and 65 of the respective plates 68 and 17. 
[0055] The filter cakes are thus squeezed due to the 
heated fluid as supplied to the squeeze chambers caus- 
ing expansion of the diaphragms, thereby causing ad 
ditional moisture in the filter cake to be discharged 
through the opposed filter cloths. The filter cakes are 
also heated due to the heat of the squeeze fluid being 
transferred through the thin flexible diaphragms into the 
filter cakes. This causes additional moisture in the filter 
cakes fo vaporize, which vapors are removed from the 
filter chambers 130 by a vacuum pump (not shown) 
which communicates with chambers 51 of plates 1 7 and 
applies a vacuum during the squeeze cycle. Thus, vapor 
draw occurs through the plates 1 7 by means of the same 



route as is used for the discharge of liquid filtrate from 
chambers 51 During the vacuum cycle, the slurry feed 
pump is shut off. as is the elongated flow passage 
formed by flow passages 120 and 61 of respective 

5 plates 68 and 17. In this regard, the above-djscussed 
seal as provided by the membrane portion 92 clamped 
between adjacent plates 1 7 and 68 provides for a more 
efficient vacuum in the filter chambers. 
[0056] Once the squeeze cycle is complete, the plates 

i o 17 and 68 are undamped and sequentially moved away 
from one another and the filter cakes are dislodged from 
therebetween. 

[0057] Since the diaphragms 83 are of uniform thick- 
ness and are much thinner than conventional dia- 

*s phragms as discussed above, more efficient and uni- 
form heat transfer occurs between the heated fluid 
pumped into the squeeze chambers 94 and the filter 
cakes lodged in the filter chambers 130! Thus, greater 
temperatures in the press 10 are achieved during the 

zo squeeze cycle, thus raising the temperature of the filter 
cakes. By raising the temperature of the filter cakes, 
more fluid in the form of vapor can be removed there- 
from. 

[0058] In accordance with an alternative embodiment . 

2$ of the present invention, the diaphragms of plate 68 may 
instead have a corrugated cross-section. As in the 
above-discussed embodiment, the corrugated dia- 
phragm is thin (i.e. 0.0150-0.040 inches thick) and has 
a uniform thickness so as to provide optimum heat trans- 

30 fer and greater flexibility as discussed above. 

[0059] Instead of a comer feed press as discussed 
above, the present invention may also be utilized with a 
conventional center feed press (not shown), wherein a 
centrally located flow passage is disposed in the frames 

3S of each plate and communicates with the filter chambers 
formed between two adjacent plates. In this embodi- 
ment, the centers of the diaphragms and the filter cloths 
are sealed about the central flow passage in each re- 
spective plate. Since the slurry enters the filter chamber 

40 by means of the center flow passages, the reliefs 60 of 
plate 1 7 are not necessary, and the plate 17 is instead 
provided at this comer with discharge passages similar 
to discharge passages 52, 53 and 54 of the embodiment 
shown in Figure 7, which discharge passages commu- 

45 nicate with chamber 51 and flow passage 61 of plate 1 7. 
Slurry is thus fed into the center flow passage and the 
liquid portion of the slurry is discharged from the upper 
and lower flow passages 61 and 55 of plate 17. Hot wa- 
ter (or hot air) for expanding the diaphragms 83 is 

so pumped into flow passages 1 03 of plates 68 and warm 
water is discharged through flow passages 1 1 0 of plates 
68 as in the first embodiment. A vacuum is applied by 
connecting a vacuum pump to flow passages 61 and 55 
of plate 17. 

55 [0060] The present invention may be utilized with a 
center feed system as discussed above, however, the 
retaining assemblies necessary to mount and seal the 
diaphragms and the filter cloths adjacent the center flow 



MSDOCtD: <EP 0978304A2_I_> 



7 



13 



EP 0 978 304 A2 



14 



passages of each plate are typically complex and hence 
a center feed is believed less desirable. 
[0061] An alternative embodiment of the present in- 
vention is shown in Figures 9-1 2, which show a modified 
diaphragm-type squeeze plate 150. 
[0062] The diaphragm plate 150 is essentially identi- 
cal to the diaphragm plate 68. except that diaphragm 
plate 1 50 includes a pair of filter cloths 1 52 each for as- 
sociation with a diaphragm 153 mounted on each side 
of the frame of plate 150, which diaphragms 153 are 
adapted for permitting drainage of liquid filtrate pene- 
trating the filter cloths 152. 

[0063] Components which are similar or identical to 
those discussed with regard to the embodiment of the 
diaphragm squeeze plate shown 68 in Figures 4-6 are 
identified with the same reference numbers. In addition, 
it will be appreciated that the invention includes a plu- 
rality of such diaphragm plates 150 which are identical 
to one another, and thus only one such plate 150 is de- 
scribed herein. 

[0064] As shown in Figures 10 and 12 (Figure 10 
showing corner portions of the filter cloth 152 and dia- 
phragm 1 53 broken away), the diaphragm plate 1 50, at 
a comer thereof adjacent flow passage 121, preferably 
includes a sidewardly opening shallow recess 154 
which surrounds flow passage 121 for communication 
therewith, which recess 154 also communicates with 
groove 84. 

[0065] The diaphragm 153 preferably has a non- 
smooth, sidewardly facing outer surface having ribs or 
a plurality of small, transversely spaced projections 161. 
In this regard, the diaphragm 153 is preformed to have 
the same shape as the projections 82 of the rear wall 
81 (i.e. each of the projections 161 of diaphragm 153 
define a hollow interior which is configured to fit over 
one of the projections 82 for a purpose as explained be- 
low). The diaphragm 153 is constructed of a liquid im- 
permeable elastomeric material, such as neoprene re- 
inforced with nylon fabric reinforcement. Further, the di- 
aphragm 1 53, similarly to diaphragm 83, is a thin, sheet- 
like member having a uniform thickness ranging from 
about 0.01 5 toabout 0.040 inches, with about 0.023 inch 
being the preferred thickness. 

[0066] A sidewardly projecting, elongated, elastomer- 
ic retaining member such as a retaining strip or rib 155 
(Figures 9 and 12) preferably extends about the entire 
outer periphery of the diaphragm 153 and is configured 
to cooperate with groove 84 so as to mount and seal the 
diaphragm 153 on the frame. A flange-like projection 
156 extends outwardly from the retaining strip 155 and 
is shaped so as to cooperate with recess 1 54, and a flow 
passage 157 extends transversely through the projec- 
tion 156 for communication with flow passage 121. Pro- 
jection 1 56 also includes a plurality and preferably three 
elongated, orifices or flow passages 1 60 which commu- 
nicate with flow passage 1 57. Flow passages 1 60 pref- 
erably open at a bevelled portion 161 (Figure 1 2) of pro- 
jection 156. Projection 156 functions as a drainage 



member as discussed below. 

[0067] The retaining strip 155 and projection 156 are 
preferably integral with one another and formed by 
molding, and the diaphragm 153 is then molded to the 

5 retaining strip 1 55 and projection 1 56 such that the dia- 
phragm 153, retaining strip 155 and projection 156 con- 
stitute a monolithic, one-piece elastomeric component. 
Alternatively, the diaphragm 1 53, retaining strip 1 55 and 
projection 156 may be formed in a single molding proc- 

io ess. 

[0068] The diaphragm plate 1 50 also mounts thereon 
the filter cbth 152 for association with each diaphragm 
153. The filter cloth 152 is a thin, flexible and generally 
rectangular sheet-like member having an inner region 
is which readily permits transmission of fluid, specifically 
liquid, therethrough while preventing passage of solids, 
and such cloth 152 may for example comprise a thin 
sheet of woven polypropylene. The filter cloth 152 is 
preferably impregnated with a liquid impermeable elas- 
20 tomeric material such as neoprene along an outer pe- 
riphery thereof to provide a ring-like peripheral region 
162 which is impermeable to liquids. A hole 163 is dis- 
posed at each corner of the filter cloth 1 52 within periph- 
eral region 1 62, which holes 1 63, in the assembled con- 
25 dition of plate 1 50, are aligned with each of the corner 
flow passages 103, 110, 120 and 121 of plate 150 for 
communication therewith. The filter cloths 152 are 
draped over each side of the diaphragm plate 1 50 so as 
to cover the respective diaphragms 153 and define the 
outwardly facing sides of plate 1 50. 
[0069] As shown in Figure 1 1 , the fitter cloths 1 52 in- 
clude a plurality and preferably three eyelets or grom- 
mets 170 disposed in an evenly spaced-apart manner 
along each edge thereof. The eyelets 170 (Figures 10 
and 1 1 ) disposed along the top edge of each filter cloth 
152 engage with three correspondingly spaced, up- 
wardly projecting posts 171 which are disposed along 
the top edge surface of the diaphragm plate 150. Each 
post 171 is preferably provided with a removable cotter 
pin 172 which extends transversely therethrough and 
prevents the eyelets 170 along the upper edges of the 
filter cloths 152 from disengaging from the posts 171 . 
The filter cloths 1 52 thus overlap one another along the 
top edge surface of the diaphragm plate 150. The side 
and bottom edges of the filter cloths 152 are fastened 
to one another by means of fasteners such as conven- 
tional self-locking cable ties 173. Each cable tie 173 is 
inserted into two corresponding eyelets 170 and the 
ends thereof are then locked together. This type of fas- 
tening of the filter cloths 1 52 allows the support handles 
123 of diaphragm plate 150 to project outwardly be- 
tween the opposed side edges of the filter cloths 152. 
Other types of fasteners may also be utilized to attach 
the opposed filter cloths 152 to one another. 
[0070] With the filter cloths 1 52 mounted on the frame 
of plate 150, the cloths 152 are tented over their corre- 
sponding diaphragms 153 and a drainage area 181 (Fig- 
ures 9 and 11) is formed by the array of projections 161 
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which define a network of flow channels behind each 
filter cloth 152 

[0071] As with the first embodiment, the present in- 
vention utilizes the above -discussed conventional cloth- 
type filter plates 1 7 along with the diaphragm plates 1 50. s 
The plates 17 and 1 50 are preferably disposed in an al- 
ternating manner along the press 10, such that when 
the plates 1 7 and 1 50 are clamped together in the closed 
position as shown in Figure 11, each adjacent pair of 
plates 17 and 150 forms a filter chamber 180 therebe- 
tween. Each filter chamber 180 is, in this embodiment 
of the invention, defined on one side by a filter cloth 1 52 
of plate 150 and on the other side by a filter cloth 42 of 
plate 17. 

[0072] In operation, the plates 17 and 150 are 
clamped together to form a continuous, longitudinally 
extending stack (Figure 11 ). The peripheral edge frame 
30 of plate 17 abuts the peripheral edge portion 70 of 
adjacent plate 150, and a seal Is formed therebetween 
by means of the outer peripheral region 162 of the filter 
cloth 152 of plate 150 which is clamped between op- 
posed adjacent plates 17 and 150 when the press 10 is 
closed. The peripheral region 1 62 serves to seal the cor- 
ner flow passages during operation, and also prevents 
liquid within the filter cloth 152 from leaking out of the 
edges thereof. The operation of the second embodiment 
of the invention is the same as that of the first embodi- 
ment except that with the particular configuration of di- 
aphragm plate 150 described above, liquid filtrate may 
exit from both sides of the filter chamber 1 80 formed be- 
tween adjacent plates 17 and 150 by passing through 
the filter cloths 42 and 152 and into the elongated flow 
conduit formed by flow passages 55 and 121 of plates 
1 7 and 1 50, respectively. 

[0073] More specifically, as slurry is pumped into the 
press 1 0 liquid filtrate passes through the filter cloths 42 
of plate 1 7 and is discharged as discussed above (i.e. 
the liquid enters the chamber 51 and is discharged 
through passages 52, 53 and 54 and the elongated flow 
conduit formed by flow passages 55 and 121 of plates 
17 and 150, respectively, and to a filtrate vessel). The 
liquid filtrate also passes through the filter cloths 1 52 of 
plate 150, enters the drainage area 181 defined be- 
tween the filter cloth 152 and the corresponding dia- 
phragm 153, enters orifices 160 and flow passage 157 
of projection 156. and is discharged through the elon- 
gated flow conduit formed by flow passages 55 and 121 
to a filtrate vessel. Thus, liquid filtrate is drained from 
both sides of the filter chamber 180 and is discharged 
into a common flow conduit formed by flow passages 55 
and 121 of plates 17 and 150, respectively. Further, dur- 
ing filling of the press 10, a vacuum is applied to cham- 
ber 94 so that the diaphragm 1 53 is pulled towards cent- 
er partition 73 and the projections 161 fit over corre- 
sponding projections 82. This negative pressurization of 
the chamber 94 and the resulting seating of the dia- 
phragm 1 53 on the central partition 73 ensures a max- 
imum drainage area 181 between the filter cloth 152 and 



diaphragm 153 as the press 10 fills, since the drainage 
area 181 defined between the projections 161 could po- 
tentially be disrupted by deformation or flattening of the 
diaphragm 1 53 as the chamber 180 fills with solids. 
[0074] A solid filter cake ultimately forms in each of 
the chambers 180 which forces the filter cloths 42 and 
152 away from one another and inwardly towards the 
divider wall 33 and center partition 73 of each of the re- 
spective plates 17 and 150. The array of projections 41 
on plate 17 and the array of projections 161 formed on 
diaphragm 153 of plate 150 provide for fluid flow even 
when the filter chambers 180 are full and the filter cloth 
42 is pressed against the divider wall 33 and the filter 
cloth 152 is pressed against the diaphragm 153 and 
center partition 73. Further, if the filter chambers 1 80 are 
filled to the point that the diaphragm 1 53 is pressed tight- 
ly against the center partition 73 of pjate 150, the dia- 
phragm 153 conforms to the non-smooth surface (Le. 
projections 82) of rear wall 81 , to provide a maximum 
drainage area between the filter cloth 152 and the dia- 
phragm 153, as discussed above. 
[0075] When the press is filled with solids, filling of the 
press is stopped, and heated fluid is fed into the elon- 
gated flow conduit formed by the flow passages 1 03 and 
66 of the respective plates 1 50 and 17 and into squeeze 
chambers 94 to pressurize same. The diaphragms 153 
tend to flatten somewhat as they bulge outwardly due 
to pressure applied thereto which tends to reduce the 
volume of the drainage areas 181 between the cloths 
152 and the opposed diaphragms 153. The filter cakes 
are thus squeezed and heated and moisture therefrom 
is removed by a vacuum applied to chamber 180 
through the elongated flow conduit formed by flow pas- 
sages 55 and 121 of plates 17 and 150, respectively. In 
this regard, the vacuum is applied and the moisture re- 
moved through the interstices of the filter cloths 152 
which lie closely adjacent the corresponding dia- 
phragms 153 during the squeeze cycle. 
[0076] Examples of typical process parameters in ac- 
cordance with this embodiment of the invention are as 
follows. Slurry is pumped into the press at 3 to 5% solids 
and practically all liquid passes through the filter cloth 
42 of plate 17 and cloth 152 of plate 150 at a flow rate 
of about 0.1 GPM/ft 2 of filter cloth area. The pressure in 
chamber 180 is about 25 psig, the pressure in drainage 
area 181 is about 0 psig, and the pressure in chamber 
94 is about minus 12 psig (effectively pulling the dia- 
phragms 153 onto the center partition 73). During the 
squeeze cycle, chamber 94 is pressurized to about 
(1 00-225 psig), and the drainage flow rate through the 
filter cloths 42 and 152 decreases to about 0.01 GPM/ 
ft 2 of filter cloth area. The above process parameters 
are presented only by way of example and are not lim- 
iting. 

[0077] In accordance with an alternative embodiment 
of the invention, because the diaphragm plate 150 is 
adapted for permitting drainage of liquid filtrate, the di- 
aphragm plates 150 may be utilized without the conven- 
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tional clolh-type filter plates 17. In this embodiment, the 
diaphragm plates 150 are disposed along the press 10 
such that when the plates 150 are clamped together in 
the closed position, each adjacent pair of plates 1 50 
forms a filter chamber therebetween which is defined on 
both sides by the opposed filter cloths 152 of the two 
adjacent plates 150. In operation, the liquid filtrate pass- 
es through the filter cloths 152, enters the drainage ar- 
eas 181, enters the orifices 1 60 and flow passages 1 57, 
and is discharged through the elongated flow conduit 
formed by the flow passages 121 of plates 150 to a fil- 
trate vessel. 

[0078] Although the cost associated with using dia- 
phragm plates 150 without the conventional cloth-type 
plates 1 7 is higher than that of the previous embodiment 
which utilizes alternating diaphragm plates 150 and 
cloth-type plates 17, this increased cost is offset by the 
more efficient and uniform heat transfer that occurs be- 
tween the heated fluid pumped into the squeeze cham- 
bers 94 and the filter cakes lodged in the filter chambers 
1 80, which improved heat transfer is possible due to the 
thin and uniformly thick diaphragm according to the in- 
vention. 

[0079J Although particular preferred embodiments of 
the invention have been disclosed in detail for illustrative 
purposes, it will be recognized that variations or modifi- 
cations of the disclosed apparatus, including the rear- 
rangement of parts, lie within the scope of the present 
invention. 



Claims 

1. In a filter press having a frame including a pair of 
generally horizontally elongated and parallel side 
rails which are disposed in sidewardly spaced rela- 
tion, first and second head assemblies mounted on 
said frame adjacent opposite ends of said side rails, 
said first head assembly being disposed adjacent 
one end of said side rails and supported for move- 
ment horizontally in a lengthwise direction of the 
side rails forwardly toward and rearwardly away 
from said second head assembly so as to be re- 
spectively positioned in closed and opened posi- 
tions, said second head assembly being stationarily 
positioned adjacent the other end of said side rails, 
a plate arrangement including a plurality of individ- 
ual plates supported on and between said side rails 
for movement thereatong between said first and 
second head assemblies, said plurality of plates be- 
ing pushed together into a horizontally extending 
closed stack and clampingly held between said first 
and second head assemblies when said first head 
assembly is moved toward said second -head as- 
sembly into said closed position, a plate shifting ar- 
rangement for effecting individual and sequential 
shifting of said plates from said closed stack along 
said side rails in said rearward direction toward said 
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first head assembly when in the open position, com- 
prising the improvement wherein: 

said plurality of plates comprises a plurality of 
first plates each including a frame having a pair 
of oppositely disposed parallel faces, a periph- 
eral edge portion surrounding a central portion 
having two sides which face away from one an- 
other and are recessed inwardly towards a cen- 
tral plane of said first plate with respect to said 
peripheral edge portion, a first liquid imperme- 
able membrane fixed to said frame and extend- 
ing across one of said sides of said central por- 
tion to define a first pressure chamber therebe- 
tween and a second liquid impermeable mem- 
brane fixed to said frame and extending across 
the other one of said sides of said central por- 
tion to define a second pressure chamber ther- 
ebetween; 

said plurality of plates comprises a plurality of 
second plates each including a frame having a 
pair of oppositely disposed parallel faces, a pe- 
ripheral edge portion surrounding a central por- 
tion having two sides which face away from one 
another and are recessed inwardly towards a 
central plane of said second plate with respect 
to said peripheral edge portion of said second 
plate, a first liquid permeable filter member 
fixed to said frame of said second plate and ex- 
tending across one of said sides of said central 
portion of said second plate to define a first 
drainage chamber therebetween in fluid com- 
munication with a filtrate discharge passage, 
and a second liquid permeable filter member 
fixed to said frame of said second plate and ex- 
tending across the other one of said sides of 
said central portion of said second plate to de- 
fine a second drainage chamber therebetween 
in fluid communication with a filtrate discharge 
passage, each said second plate being free of 
liquid impermeable membranes; and 
said first and second plates being disposed in 
an alternating manner along said side rails in 
adjacent sealing contact with one another in 
said closed position to define a filter chamber 
therebetween for filtering and collecting solids 
from a slurry entering said filter chamber, the 
liquid portion of the slurry penetrating said filter 
members of said second plates, entering said 
first and second drainage chambers and exiting 
said filter press via a filtrate discharge passage 
and the solid portion of the slurry remaining in 
said fitter chambers, said first and second pres- 
sure chambers being in fluid communication 
with a fluid source to expand said first and sec- 
ond membranes toward an adjacent one of said 
first and second filter members and pressurize 
the slurry to facilitate liquid solid separation. 
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2. The filter press of Claim 1 wherein said first and sec- 
ond pressure chambers are in fluid communication 
with a source of heated fluid to expand said first and 
second membranes toward an adjacent one of said 
first and second filter members and pressurize and 5 
heat the slurry to facilitate liquid solid separation, 
said first and second drainage chambers being con- 
nected to a vacuum source to remove vaporized 
portions of the slurry from said filter chambers. 

10 

3. The filter press of Claim 1 wherein said first and sec- 
ond membranes comprise a uniform thickness 
throughout. 

4. The filter press of Claim 1 wherein said first and sec- is 
ond membranes have a thickness between about 
0.015 inches and about 0.040 inches. 

5. The filter press of Claim 1 wherein said first plates 
each comprise a first passage opening into said first 20 
and second pressure chambers, said first passage 
being in fluid communication with the fluid source 

for permitting entry of fluid into said first and second 
pressure chambers to expand each of said first and 
second membranes toward an adjacent one of said 2S 
first and second filter members, and a second pas- 
sage opening into said first and second pressure 
chambers for permitting discharge of the fluid from 
said first and second pressure chambers. 

30 

6. The filter press of Claim 5 wherein said second 
plates each comprise a passage opening into said 
first and second drainage chambers, said passages 
of said second plates being in fluid communication 
with a filtrate discharge passage for permitting dis- 3S 
charge of the liquid portion of the slurry from said 
first and second drainage chambers. 

7. The filter press of Claim 6 wherein said second 
plates each comprise an additional passage open- 40 
ing into its corresponding filter chamber in said 
closed position for feeding slurry into said filter 
chamber. 

8. The filter press of Claim 1 wherein said membrane 4s 
comprises a thin elastomeric material having a 
thickness of about 0.023 inches. 

9. The filter press of Claim 8 wherein said elastomeric 
material comprises neoprene with nylon fabric rein- so 
forcement. 

10. The filter press of Claim 1 wherein an outer periph- 
ery of each of said first and second membranes ex- 
tends over a part of said peripheral edge portion of ss 
said first plate and seals against said peripheral 
edge portion of an adjacent one of said second 
plates in said closed position. 



20 

11. The filter press of Claim 10 wherein each of said 
first filter plates comprises: 

a first continuous groove disposed in said pe- 
ripheral edge portion at a first one of said faces 
of said first plate, and a second continuous 
groove disposed in said peripheral edge portion 
at a second one of said faces of said first plate; 
and 

a first retaining member disposed to fix said out- 
er periphery of said first membrane within said 
first groove, and a second retaining member 
disposed to fix said outer periphery of said sec- 
ond membrane within said second groove. 

12. The filter press of Claim 1 wherein said first plates 
each include a first liquid permeable filter member 
fixed to said frame of said first plate and extending 
across said first membrane to define a first drainage 
area therebetween, and a second liquid permeable 
filter member fixed to said frame of said first plate 
and extending across said second membrane to de- 
fine a second drainage area therebetween such 
that the liquid portion of the slurry in said filter cham- 
bers penetrates said filter members of said first 
plates, enters said first and second drainage areas 
of said first plates and exits said filter press via a 
filtrate discharge passage. 

13. The filter press of Claim 12 wherein said first and 
second drainage areas include an array of flow 
channels defined on said first and second mem- 
branes, respectively, said flow channels being in 
communication with the filtrate discharge passage, 
and said first and second membranes have a uni- 
form thickness throughout. 

14. The filter press of Claim 1 3 wherein said first plates 
each include a recess disposed in said peripheral 
edge portion adjacent each said side of said central 
portion, each said recess communicating with a fil- 
trate discharge passage, and a drainage member 
projecting radially outwardly from a periphery of 
each said first and second membrane, said drain- 
age members being engaged within a respective 
one of said recesses and having a flow passage dis- 
posed therein for providing communication be- 
tween a corresponding one of said first and second 
drainage areas and said recess. 

15. A filter press comprising: 

a plate arrangement including a plurality of in- 
dividual plates movable into a closed stack, said 
plurality of plates comprising: 

a plurality of first plates each including a periph- 
eral edge portion surrounding a central portion 
having two sides which face away from one an- 
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other and are recessed inwardly with respect to 
said peripheral edge portion, and a liquid im- 
permeable membrane extending across each 
said side of said central portion of said first plate 
to define a pressure chamber therebetween; s 
a plurality of second plates each including a pe- 
ripheral edge portion surrounding a central por- 
tion having two sides which face away from one 
another and are recessed inwardly with respect 
to said peripheral edge portion, and a liquid per- 10 
meable filter member extending across each 
said side of said central portion of said second 
plate to define a drainage chamber therebe- 
tween, each said second plate being free of liq- 
uid impermeable membranes; and is 
said first and second filter plates being dis- 
posed in an alternating manner along said filter 
press in adjacent sealing contact with one an- 
other to define a filter chamber therebetween 
for filtering and collecting solids from a slurry 20 
entering said filter chamber. 

16. A filter press comprising: 

a plate arrangement including a plurality of in- 
dividual plates movable into a closed stack, one of 2s 
said plates comprising: 

a peripheral edge portion surrounding a central 
portion having two sides which face away from 
one another and are recessed inwardly with re- 30 
spect to said peripheral edge portion, said pe- 
ripheral edge portion having a recess therein in 
communication with a filtrate discharge pas- 
sage; 

a membrane arrangement including a liquid im- 3S 
permeable membrane extending across each 
said side of said central portion to define a pres- 
sure chamber therebetween; 
a liquid permeable filter member extending 
across each said membrane to define a drain- 40 
age area therebetween; and 
said membrane arrangement further including 
a drainage member engaged within said re- 
cess, said drainage member having a flow pas- 
sage disposed therein for providing communi- *s 
cation between said drainage area and said re- 
cess. 

17. The filter press of Claim 16 wherein a groove is dis- 
posed in said peripheral edge portion and a retain- 
ing member extends along an outer periphery of 
said membrane, said retaining member being dis- 
posed within said groove to fix said membrane ar- 
rangement on said one plate and said drainage 
member projecting radially outwardly of said retain- 
ing member. 

18. The filter press of Claim 1 6 wherein said membrane 



comprises a thin elastomeric material having a uni- 
form thickness throughout of about 0.023 inches. 

19. The filter press of Claim 1 6 wherein said central por- 
tion includes a plurality of spaced-apart projections 
facing said membrane, said membrane includes a 
plurality of spaced-apart projections on a side there- 
of facing said filter member and said drainage area 
is defined between said projections of said mem- 
brane: said projections being disposed on said 
membrane in a manner similar to an arrangement 
of said projections on said central portion, each said 
projection of said membrane defining a hollow inte- 
rior which opens toward said central portion and is 
configured to accommodate one of said projections 
of said central portion therein. 

20. A method of effecting liquid solid separation from a 
slurry comprising: 

clamping a plurality of plates together into a 
horizontally extending closed stack such that 
the plates sealingly contact one another, the 
closed stack including a plurality of first and 
second plates disposed in an alternating man- 
ner, the first plates having a liquid impermeable 
membrane disposed on each side thereof and 
the second plates having a liquid permeable fil- 
ter member disposed on each side thereof; 
feeding slurry into the closed stack and into a 
filter chamber defined between adjacent first 
and second plates; 

filtering the liquid portion of the slurry through 
the filter members and discharging the liquid in- 
to a filtrate vessel; 

supplying heatedfluid to each first plate and ex- 
panding the membranes toward opposed filter 
members of adjacent second plates and 
against the slurry to pressurize the slurry from 
one side of the filter chamber and facilitate liq- 
uid-solid separation; 

forming a filter cake from the solid portion of the 
slurry in the filter chambers; and 
unclamping one of the first and second plates 
and removing the filter cake. 

21. The method of Claim 20 wherein said method fur- 
ther comprises removing by vacuum vaporized por- 
tions of the slurry from the filter chambers subse- 
quent to said step of supplying heated fluid. 

22. The method of Claim 20 wherein said step of filter- 
ing comprises filtering the liquid portion of the slurry 
through the filter members and into discharge 
chambers defined between each filter member and 
a corresponding surface of the second plate at least 
through a passage disposed in the second plates 
and opening into the discharge chambers. 
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23. The method of Claim 20 wherein said step of feed- 
ing comprises feeding slurry into the filter chambers 
through a passage disposed in the second plates 
and opening into the corresponding filter chamber. 

5 

24. The method of Claim 20 wherein the first plates 
have a liquid permeable filler member extending 
across each membrane to define a drainage area 
therebetween and a drainage chamber is defined 
between each of the filter members of the second io 
plates and a corresponding surface of the second 
plates the drainage areas and the drainage cham- 
bers communicating with a common filtrate dis- 
charge passage, and said step of filtering compris- 
es filtering the liquid portion of the slurry through the is 
filter members of the first plates and through the fil- 
ter members of the second plates, the liquid portion 

ol the slurry entering the drainage areas and the 
drainage chambers and being discharged into the 
common filtrate passage. 20 

25. The method of Claim 24 wherein a chamber is de- 
fined between each said membrane and a corre- 
sponding surface of the first plate, said step of sup- 
plying heated fluid includes supplying heated fluid 25 
to said chambers, said surfaces of said first plates 
and said membranes defining thereon a plurality of 
similarly arranged spaced-apart projections, each 

of the membrane project ions facing the cor respond- 
ing filter member and defining a hollow interior 30 
which opens toward the corresponding surface of 
the first plate and which is configured to accommo- 
date therein one of the surface projections, said 
method further including negatively pressurizing 
the chambers during said step of filtering to seat 55 
each membrane on the corresponding surface of 
the first plate and maximize the volume of the drain- 
age areas defined between the membrane projec- 
tions as the filter chamber fills with solids. 

40 



45 



50 



55 



' 0978304A2_I_> 



13 




1NSDOCID: <EP 0978304A2J. 



14 



EP 0 978 304 A2 




^SDOCID: <EP 0978304A2J_> 



15 



EP 0 978 304 A2 




WSDOCID: <EP 0978304A2_I_> 



16 



EP 0 978 304 A2 




vlSDOCID: <EP 0978304A2J_> 



17 



EP 0 978 304 A2 




EP 0 978 304 A2 




EP 0 978 304 A2 




155- - 



172. 



171 



Id 



FIG. 10 



171 



II 




173 70 



MSOOCID: <:EP 0978304A2J_> 



20 



EP 0 978 304 A2 




FIG. II 



21 



EP 0 978 304 A2 




(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(11) EP 0 978 304 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

10.01.2001 Bulletin 2001/02 

(43) Date of publication A2: 

09.02.2000 Bulletin 2000/06 

(21) Application number: 99306017.7 

(22) Date of filing: 29.07.1999 



(51) lntCl7: B01D 25/12 



CO 
< 

o 

CO 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PT SE 

Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 03.08.1998 US 128190 

(71) Applicant: United States Filter Corporation 
Palm Desert, C A 9221 1 (US) 



(72) Inventor: Higgins, David 

Holland, Michigan 49424 (US) 

(74) Representative: Earnshaw, Geoffrey Mark et al 
Murgitroyd & Company, 
373 Scotland Street 
Glasgow G5 8QA (GB) 



(54) Filter press with alternating diaphragm squeeze chamber plates and filtration chamber 
plates 
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